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oman ‘we ‘aesortbes cortatn conotenk: or the 
atue api proesdure used tn different tal thorns 

Lyi he of clay sinerats. These refinanante are 

4 at standardizing the genditions within the — 


¢ holder eelle 80 as to minteize experimental 
o1 rs i: Yore. imgortant, this paper offers ovidenee 
I ie: the base tine of the differential thor- 
a reed digplaces fron the taro mi1iivolt line, 
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, te Differentisl thervel curves sre civen for steted 
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sults or ‘differential thormal nner of four un- 
_ elsy soctle ere given. . 

ak af -‘Yhis eaner enelyzos the data obtatnad from a num 
ber. at taste and conelude: that inereurectes tnherert 
in the dif!srential thermal method of analysis preclude 
the use of this method for quentitetive anslyele of tha 


lay mineral composition of soils. 
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Sedford, Ind. 
200=pen 


Treatment Owen Qried fer 74 houra 
at 50°C 
“texture No. of Testa 
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3 UHARMORRAMS FOR URYROWN gare 
{Grain Gize 200=-pan --- Oven Drted for 24 noure e. 
HOSS --- All weights 0,7 sci of sarple) 


: Semple: . tbe ; vn rare Me 

Vaknown Clay (Prom att of Mew B2TT , 
Dorar 

Bleu Srick Yard “1 


ay Lena Aloeny Tlay - Jap! Depth 


Lake Albany Clay - 152' Depth eps 
Lake Albany Clay - 8%' pepth 


Lake aad Shag ~- 83° Septh 


ekiiies trestes with HoO, then oven ariea for 


24 hours at 50° es 
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DETAPMINAPICN OF TISPLAGTS BAT LING 
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Sample Cooling Curves 


NeA 2 
u-12 2 
H-24 1 a 
| He32 2 
1-36 by 
Untnown Olay 1 1 
Bleu Brick Yard “lay 2 
Lake Albeny - 152° Depth 1 
Lake Albany. - @3' Depth 1 1 
Leake AlvDany ~- H.05 Treated 
68'“nepth 1 


In adtition to the above, nine (9) thermocrame ware 
obtsined for Alumina versus Aéluminn, *s follows: 


Cven tried (for 24 hours 2t 50°C) va, ven ried 
{24 hrs, at 50°C) 


“Drled at 200%O=400%C ve. oven ary (24 hra. at 


£O%C)} 3 


; 
(3) 


Rehest Curves 


7 
a 


‘i 
ce ale 
a ad - 
7, 3 == 
<3 
® 


‘ ae wear 
pa Sh ees, 

i’ oJ 

7 


INCKOCUCTION 


The differential theranl sethod of analysis of 
S$0il samples has ae its purpose the identification of 
the minorals (cisy minersis or other minerals of “elay- 
Size” perticlas) preeent in the soil, and a determin- 
ation of the relative abundanee of theses minerals. 
The method consists of heating at a uniform rate a 
sample of the soil and a cioilar sample of an inert 
eubstance from room tompereture to over 1000°°. During 
this heating process, changes cccur in the structura 
of the eofl partioles and this resulte in the relesse 
or imbibition of heat. ince there are no structural 
chanres in the inert material, a mesaure of the chances 
in the ectl is reflected itn the difference in texzper- 
ature betwesn the 2011 ani inert substance tamrles 
created by tne thermal reaction of the sample. ‘his 
tempersture difference 14 mes#ured by a differential 
thermocouple. ‘ach tineral hee a charactoristie curve 
of thermal change (i.e., difference in temperatures be~- 
tween soil and inert material) versus temreraturs. 

Tdentifieation of the minerals present in a sample 
of soil is secomplished by compartnge the differential 
thereal curve, or thertiogrxes, of thea #o1l unknown with 
curves cf ¥nown pure minorals. Hore detailed Jiseuss= 
fon of the theoretical baeie for differential therwal 
antlysizc can de found in theeee preronted by Kerritt 


and white in 1951 (1), 2nd Hostins ant iudzon in 19°60 (2). 
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he restiar is raterred to the theses by Verritt and 
mete (1), and fesitne ont Hudson (2), Son 2. enurlate 
eeccimiption cf Instrusentation use? in 4ifferertial 
thopant analysie.e ariefly, the ejulpment eonntete of 
& horizontsi electric furnace, ie neattns rete of 
whici: 1+ autountioally controlled by a variable trane= 
forrer, which 18 re: uiated by & potentionsyter ryrometer, 
3B sel t-haleneing recorai:ny potentioneter, to record the 
intarns? tarmparsture of thm esntte and the ¢iTfeorends 


between the terpereture of the samrle and inert etan= 


gare mstoricsia, and 


ber 


nickel snoplea nelear, with 
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ehromele-alute) thermocouples. ‘To thir baste instrument 
S6teu-, *::2 suthore adaod esrtain eccesscories te ine 


ereits the consleteney of results and the productivity 
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OF the e@ ut puente 
wing rel ta: a a“ : + 50 

i{ vez noticed tirst srejuently, one o- ihe thammo- 


QGupic# wee oroven in some Location not wistole to the 
eperator. In such @ ones, it was anly vftsr tha eaeme 
pie holder ted been losiad and th. setusl tert mun 
bervun *htt the ooerator tseoversd +22 brores “sermon 
OGuei¢: ‘4 was noecevasy tian 40 4Atcorotiowe ths run 


BNG #8268!) ile s9mcle. fel syah ocourvunic® rapriscat of 


MSOnsiderat.« 3048 of protustivivy beceus2 ef tre tire 


Pequired iv, weiching acl loadtug a naw sonple. A 


tester wae constructed toerefora, for tha purrezs of 
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Jametey which: ‘gan bo ¢ceansete? m euee — 


: throuch & sult tote position awiteh te ese of 
volt flashlight batiery Stpplies tha-tent current. 
& coaver has been permanently aifved te! the erulte 
| wvallebts for wes in a1 fterential thermal. inecierd 
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he theoratiesl revulrements thot must be enn= 
in ¢€ifferentict thermal teatius wil? ve dis-~ 
later, Wowever, {t 1s terortent to not? here 
wet amon, there requiramente is the necessity that 
oe 
the mass, vpectfile heat, and conductivity of the same 
Rle be ecurt to thace of the inert atandrard. These 
provert ios are clasrly derentdeant on the rartiela size 
ang shape, void ration, molLeture canteont, and eneelific 
grevity of both the sample and tra tnert stanterd. 
Parvticts cisa, motetere content and the relation bee 
‘tween tcc! fic gravities are controlled by the tart 
Proceturs but the votd ratio in normetly permitted to 
vary cereideranly tince compaction of mataricl In the 
somple nolder calle is accomriicshed only by vibrating 
the holder, ov singer taping. To improve the ecn- 


eletercy of results, & rom wae mde to comrsct the 
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etrple anf {nert weteriels into the sanple nolder. 
This rem fits snurly into the campla holder ecolls, 
and siacly comonets tne satert{al under the wel«rt of 
the rac. A uniform rrevsure of 7.5 gounda oer ccusre 


Treh ie cp; lied to the asterlata by ths ram. 
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roteationeter produces: an Rimost 

tinuous plot of vemple tenrersture aifference be- 
yen. ausple and inert eteaderd. Rough compericons of 

thenae? cherseterLaties of the verflous materiale 
@macdo on tha baris of thees rlotu but the plote 

Be paket ty large snd, for reasons to be dis~ 


ussed later, not perfeetly comparable without nodl- 


ition. for thia reason it he necessary to retuce 
“plot to e ¢orrected curve of di?ferenttal tempera- 
 (exprasset .. millivoite inducad in the differ- 


aL thermnoeounle) versus tempersture of the etaple. 


aune the Lloecatton of the sare mLilivelt line shifts 


a run to run it te iwpractieal to print the dif- 
ferentiat tegnercture seale on the regord paper and 
Pasowpator wet by Bone other manns anazurs the | 
magnituie of the itntuced voitare. “he suthore hrve 
founée thet the moot satisfrotory watiuot of doing this 
is to supertrpoess « tranaperent overlay, or template, 
of the voltsce scale over the potentiometer reeord. A 
#cale Ys thus provided for beth sete of deta which mrt 
ba read from the tnstrument record. The temriate has 
been contributed to the equipment of the laboratory. 
BOMVATT SURNAC 
In naceordeance with the recommendations of Merritt 


and white (1) ane cf the LOCO wett furneces was robullt 
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a 1780 samt howth g Manante Th view of the 

ulties “exportencod by errhtt: an? White one 
Prada Wh é canvartad however, in ortar, 4° pro= 
ehack on the par“ormance of the ‘two 27e0 watt 

. A8 oradleted by Nerritt and hs” te, the 


fleulties witr the 1750 watt eloment dtaawe atred otter 


- of test runz are gonss juently the remaining 


vt furnae? has aa converted. 


Merritt ari “nite emeloyed sig Dac fcaee welding 
pparsticn of thermocourles--arrarontly beeaure or 


Wious uneatiefeactory exrerisnoa with sleatriosl re- 


— welding Sxye2estylans walciauy oreducer 4 

ie . Soe . 
Ps. be * 
Large test ot the peint of oonneection which decreanes 
\ ae ‘ 


‘the sensitivity of the thernocoupla: ond the sathors 
round tit mony gageweldad thernoeruples vere not 
truly S.secd. More ratiatsetory thorzoccuriase were 
produce? vy using an eleatric ere fer Susink the ends 
of the vires toxether. The two trernscouple wires 
were ucod ne one electrode and a evhellow leyer of 
mercury cubverged 44 # “venching ofl, as the other 7 
electrodes. 
The carr’ tnlueed oy making » near contoet bee 
tween the elactrodes wnder the surface of the of] 
fused tn therncooupls wires. #& 125 valt, 2.C. cure 


remt cource was used, with spproximately 4 chme of 
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reelcetrnce inserted in the cireuft. This tyra of 
walidins of the thertmwcourles projueed very setisfsetory 


Small bsadse at the joint. 
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~ of an inert subst=nce is taken ew the tem= 


, re ar the environaent of the thermally eotive 
; ‘Thie fact, together with the obeervations 
under theory, permit the lieting of certein 
oration? rejulromente which must be taken into con- 
sideration in aifferential therm.1 anslyais. The mors 
mer tant of these ie dtite iia 22 listed by | \eube (5), 
- follows: 
fhe msge, eroetfie heat, *n¢e econdiuetivity 
of the gamsle must be equel to these of the 
inert material. 
The veads of the thermocouples muct be 


lsested at the contere of the semle end 


the inert etandard, cr ae nerr the acme 
7 4 reistive poattion a5 porestible. 


3. The inert material must be truly inert. 


4. ‘The samle sad the inert meterial muct be 


heated in en infinite thormal resarvoir. 


Wi 
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The reservoir, or holder, must be aymmetri- 
es1 with rearpect to the sammie an’t insrt 
cells. | 
f.- Thea perticle size Mould he anmall to obtain 
ac greet apecifiec eurfece es practicshble. 
In ‘he licht of these theoretical requiremantez, 


im genersl, the procedures ns reconnended by “orritt and 
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e 0 (1), wore Pol tewed in the Lnvactinations. Dias: 


: brats aa a ware sisde In the recourended procedure, 
ef the equi paent shangee: made by the authors (nee. 
- tan 
“The ctoniicsin followed in this vor’, WRE RG follows: 
~ geetw gaze & 
All eavples used tn the investigations» were | 
made up of eisy pertielas paseed through a 200 
mesh steve. thie sine was used in the interest 
"Set uniformity, and to remove prrticles of Larger 
then larze olsy sizes, . 
tn addition, the 2%-pan aretn size wae 
used to obtain as lsrvte so apecifte surface as 
 praectiosble, ani to lnerease the surfaces of 
contact between the parttelss, whieh fin turn 


increased the therm] econductivity of the sample. 
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ik apron desirable to maintain the whole 
diffarentiol thermal snalysic procedure as simple 
ena ae atendard gse* posrthlie. tm yiew of this 
yevulrecent , no pPetraertment thor thau oven 4rying 
at gO? wee 2%ed on any of *+he asxeplee used in 
the tests to arrive “+ standard curves, ani to 
determina the affects of admixtures of inert 
materials. In the etteante to identify the un- 


novwn clay semplesa, however, the Lake Albany Clays 


(12) 


——< | 


a Petal! ter. oul ; ' ~ ots 
& 


B95 Beton oct mes. i. ofam eyes 1a 
. ef af ener te 7 7) 
84650 


on) 7 


sheen int a3 beagi Tel ©, feocrty aatl 
| Les Sha 
at Bh fa40 oetowca Ith : 
POPSME EATS SS, yale 76 gu ohm 

Oe ee | 
rae ere ef Peay itewe> tm 
Pe 5 wdies te tele ene) en 
apse Se? pRatS ete KI 

. Hes Wied =l €; Wiptde me hod 
ef S exniyhe? ‘se Dae td 4 | 
tat PERF Perd wthies ten Teoria 
: bh fietweh ~+!) Sieeoret 
alls Seder = i 


heh nl a eoue 7, 


“i 


- 


eT oe hh es 


j re 

’ an . 

5 Ee epee te 'e. wabe i aa 
Eiri = ad PEMEBE OF ren — 


iy 2 
: ‘ayer Sa |} «Fai | a ee 


ee 


L hs ath . 
ety ah 
+ he ? \ 


matter which appenred to be erence in. the is 
initial test rune on these meteriale. 
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were treated with 4203 to yemuve the  orennto. 


yes cubjecting the eley materials te be tested 
ee reletive humidities of 50 percent, &S pecom- 


aa by Lambe (5), would teen to Introduce 


neverel posalible errors which would be diffieult 


tO overacme. Speelfically, theses crobable errors — 


appear to be in the smeunt of tine noneerrery for 


&@ clsy mass to reach moisture e1uilibrium under 


the imown humidity. overcoming these ocrobadle | 
errors seems not only 5 @iffieult tack, but would 
be time consumins, 2¢ well, which appears un-= 
justifiable. 

It was deemed unnecessary, also, to ure 
ether pretraxtmant methoda , except in the specific 
carer, mentioned, gines the thormorrame in all 
but one ense, exhibited little or no evidence of 


orasnie or other foreign matter. 


The herting rates reconmmenied by other in- 
vestigntors, Lambe, Haut * an@ DavyiAsen, «n4 aknens’ 
vary from 10 to 15°C per winute (600 to 900°C ner 
hour), with most work beine done at 12.5°°C per 
minute (750°C per hour}. “erritt ani white (1) 


however, have determine? that heating retea of 
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reasee per hour for the 3750 watt furnsess, end 
sce8e per hour for the 109 watt furnace xere the 
eat heating patos to be used with the erulp- 


ment utilized vy the authors. Yor this reason, 


hosting rates er recommended by Merritt and 


vhite were used throughout cur work 


The most commonly usad inert etenderd material, 
ni the etanderd used in these investigations, is 
oalcined aluainun hydroxide, or slumina (¢smaa 
8) usinun oxide}. After uredrying the alumina at 
temperatures of 305 to 400°C, the material wre 


kept dry by plocines it in the oven for future 


uae. Tho slumins thug was kert in the oven for 
periods wersine from 24 houre te cevern? wacts. 
Usibe (5) hes stated thet the alumina vicka 
up moisture very readily frov the 2tuosrhera, 
ani for thila reneon must ve voreheated to at Lanet 
250°C, and then cooled, within a few hours pre=- 
vious to each toat run. He Curtner steted thet if 
this were not done, the removal of adsorbed wster 
On the supposedly inert miterinl would vitinate the 
deflections of the thermozrsas ceused by the re- 
movnl of adsorbed water from the teat samrla. The 
tnert, miterial thus pretrentead, woe used in the 


4tfferentint therme? analysioe of sample netertiale 
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Pretrestod wt 50 paritet palative numtatiy., 


a Tne authors, {0 determine whether or not the 
oretreatment recomended by Lambe was recuired, 

sovera) tast runs of al luatine verrus alumina, 
hoth cells of the holder filled with slumina 


oven dried at SC°O for saevern) Asys after initial 


preheating at 30C to 400°C, ant then with one cell 


of this same neterial vereur a cell of sluving 


funt cooled from the 300 to 400°C ternerature. 
The reeults ere recorded under Sonelusions. 


The alumina usa in these tnvestications 


- wan ground to pase a 200 mesh steve, to matn- 


i teatin the thermal conduetivity of the slunina 


_ and the stmple as nearly ecus! es porsidls, 


LP Dts eure I oh: ae SB < yee 
a ee ads is. Or AaQ4rL’s. 
’ -_ 


ho orsmine ured fn the tart runs wore of 
known weich®. Hoth the cample anid the alunina 
“ere wetshed ts the nearest O.CCO] wran. A&B 
recom-ended by “erritt and white, *he sample end 
the tnert materiel were equal tn watsht tn not 
teste. i tn the casas of the amall wetrhtsc, suf] 
fictent alumina wan acded to the 2e2ple 97) and 
the inort cali, to mroivee enovurch mas? ts cover 


ani #urround the tharrmececuple bests. Foust 


amounts of the alumtine were added to anch cell 


of the holder, to prevent too errant a Aispleacenent . 
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f the bene Line. The cite. men the sents / 
9 thoroushly alxed, to provide s homogenoua bd 
mses in the seeple cell. e 
GoURERION SF INET MATERIAL AD gL 
. Ag hee been noted under Equipment , a ram 


used to eompect the sonsle and alumine in aa 
™ adattion 


a to obtain uniforn denntties. 


Dihertknn the ream on the materials for aperox- 
ws , “teately ten seconds, the holier was teapred vigorously 


Bee en a hard, firm surface several timer, +o ineure 


that the thermocouples were thoroughly imbedded 
in both the alumina and the ramnle. | | 


Prior te filling the esis of the sanple | 
bplder, a cheek wee aede with tha etreuit tester. 
{200 oul pment } to varity the fact tht atl the 
Sireuits in the eemele holder were in eistietes 
order. 

‘In addition, cheeks ware made to gee that 
tha thermoecocunle beads were located tn the eanters | 
of the calls, or in the sume’ relative positions 
with raspect to both sanrla and alumina. | 
REMARKS 4 

dy the steps in the proceedures recorded above, 
‘he suthors attempted to conform to the theoretical 


recjutroments a8 stateat by Lambe (*). 
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The only reauirements noted by Lambe:snd not 
covered above in the outline »>f procedure used by the 
Mueeors are iequirerents 5 and 4. ttecuirement 5, thet 
Seeeener, materiel must be truly inert, will be dis- 
©Cussec iuter under Observuitisns. : 

meguirement 4, concerning tie infi.ite thermel 
Beeervoir, was essumea to dé complies iti, since the 
Meee oO. UNS Samples usec were compurutivecy in-= 
Summerecant With respect to tie wei bt of ~he sauplke 
monger, wuppendix IIT conteins culculations wiickh 
Seow thet to reise « Q370 grou Ssumpnle of ecluy 10° €, 
requires 4.54 calories cnc that thie quentity of heat 
is sufficient to crange the tenperuture o2 the sumnle holder 
Only 0.069 c. In other words an endothe.mie reaction 
Sufficient to cause uw 109 C. difference in temperature 
between sanple ena st_ndurd .ould cool the sample holder 
Only 0.069 C. if there were no tiest input from the 
eee, ibis, plus thre fuct tiut the hot furnace 
epeeemrt = lurge therucl reservoir inticates that 


menuerement 4 it edecistely fulfilied. 


mere@onure: revyired far the firrneca to cool to “oom 
temperctu-e. It wec founc impossible, therefore, 


to complete more than sour téet. curing « nornal 
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y was obtatnad by veins & smal) saees aie: 
. compressor to vlow 4 atreanm of air into oti 
7 furnece. The ‘alr was bubbled ‘through | . 


container to remove any oll that it might — ) 


. @ pieked up in the compressor. Sven thie 
‘aprancement 414 not cool the furnscer ouictty 


on ough to pernit cont inucus operation of the 


‘furnsees talght secreise the life of ine nesting 

glenents go it appears that Seitteien prieductaeity 

a ox the apparatus can be obtained only by adding. 
another furnace. 
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A qumber of test rune were pete te peeebuias the 


* bg 


bs ic which alunine, the inert eteniard used in atl 
ghia vecare hydrated, Soroune sdsorption of atmos= 
Puotsture. In theee taste slucina previously 
Bs ies stored ter saverel doys in an electric 
; t 50°C wea used as tha text, miteria? and alumina 
N to betwawn 400 and hone Suat pafore the tert 
used 22 the inert standard. ‘The thermocrans for 
y curves were straicht Lines with no endothermic 


fate to indleate loses of adsorbed water. Moreover, 


hent tesie of the same meterial made as soon after 
the original seate ao the aumple holder an? sarnle could 
be cooled gave thearmorrens which co'nelded exnetly with 
the oricine’ test thermograms. “dtnee it seems unlikely 
that these strcles while cooling rapidly from 1100°r 
to room temperatura could adsorbd much moisture from the 
atmosnhere of a heatad Laboratory , this coinetdencea of 
{mitisl an? reheat tharmograre is mnecerteé as avidence 
that the or'sinsl test J44 not arive off moisture et 
a uniform rate threushout the heating range. 

It le important to note that the cotneidence of 

the differentisl thermel ourvee from initial and re- 
heat teeta of slumine prove thet thia metaerisa? enticttes 
the third theoretical requirement ef differential 


thermal terte. 
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4% OF HIRING IXSRT MATTETAL SIRE 


hos been mteted uy Merritt and white (1) thet 


therm! sottvity of © ulven sumole ec” cure afneral 
Lo ; oye > a 
pentured either by the ares under the disferantial 


La 


nt curve or by the smplitude of the ourve) 1a 


ortionnl to tne mese of the eonnle. mwantitetive ; 


4 


' 
naliyris of the conetitution of an unknown metarial 1s : 


made posetble therefore by comperine ‘he *therrorram 


> 


of the untnown with thermogrsme rrepared for known 


nia of known pure wminersise. Tr tha amplitude of 


1 unvnown materie«l’s thermegrap 3¢ tha temperature 
t 


#3 
ov & charucteristic reretion of a “riown pure mineral 


matches the amplitude of a thermocram for "x" erens 


" erame of 


of the ture Tineral, {t te seaumead that “x 
the pure minere’ ore present in the egarole. A set of 
stenéerd ourvyes for <nown wetrhtr of rure minerals 
are gasentisl, therefore, to wantitativa anelyeis by 
the differential there! cathod. 

The eells of the temrle holtersa used in these 
tasta hold a meximm of 0.% grare of clay srnple and 
a minimum of 0.6 arams in necessary to cover the 
thermocouples. It 15 necesutry, therefore, to inereare 
the volumes of samples sealler than 0.6 grama if standard 
Gurvee for wetchts less then ©.f crane ara to be ob= 
tained. «4 canatdern*le number of teste were meade, £0 


determine the effect on the therral resetions of the 


(20) 


ee . | i 
aa a - pee a ia wert 


ak seated oa tonen Ai 


bi .. as ale BA a. terse 


¥ ha 


bade le Sev: 
ae RELA bein 27 50” 


Z 
> 
ye 


i 4 


are? 2. qecs ane?! 


GAs San" wef : 


+ 


© SYTICATTTH F°O = Yout T 


wet | 
: ; ’ 
+ ; : 
= 4 ; 
wee" 


top 


reeGs bees 


uA 


Temperature in 100°C 


ttpoto 


fot 


ore 
ee 


gt ‘ 
o a 
es > 
, 


au i by # ae ae 

4 a et 
PY aR ieaentat 
a fibept 


- r] 
=n : ; ‘eon 2. ; re MES fi 
ople of mixing alumina with the pure clay mineral. 


fon Tetroleum Institute standard Halloysite He12 7 ae 


s used for there taste vecause of the laze, well ye 


“ned renetions of this material. Figure 1 shows 


hermocraus for a G.6€000 cram sanrle of Hslloysite 


a nad for the saree watvht of 812 mixed with veryine 


mets of slumine. 


4 ect 
a 
POATISN SF THE DIGS AITD Had? LEKT 
, theoretical ansivets of the het balence at the 
center of the asmcle ms noted by Merritt and shite (1) 
| Gewonstratead thet the rer under the d4fferential 
Mrernture curve le prorortional to the mace of the 
acting wetorias. aasupement or ealtculat ion of the 
i. under the curve {2 complicated by the irresular 
 Bhaps of the curve. .utntitative anslyelea of a material 


the berie of the ratio of the area under the curve 


of tie weterinl te the area under the eurves of pure 

minerale te further corpliceted by the feet that different ic 

pertions of the curve of rv enmrostte material are 

cherreteriatie of the curves of tfferant vure minerals. 
Tt becomes necensary, therefora, to decide whton pore 

tions of the curve ere to be compare? with anch rtendtard 

curve @nd to set ervitrary boundsries which dolineste 

tne separste portions. ‘ost invest 'retors hrve sourht 
to eliminste the tedious work involved in determination 


of the «res under the curve wend xt the same time 


= po hws 


Da) 


Ste the arrers Antretvess by serumption of are - 
) boundaries of the APO ny arenmine thet alt the = 
3 of ® ckven: material heve the same shape ant thet * 
, area under & churactorictie peak of the curve de 
ope 1 tional to the emolitude ‘of the peak, 
Te einplest’ bese from which to mensure eis 
al tude of” the verioua paare te, of couree, the 


)miLlivort line. However, if a tert run is made. 
| c. 
o: 


. 


* an inert materte? in both eelle of the cample 


@r it will vaually he found thet the thermocran, 


a ate 
_ the Bh it ts &# atratent line end rhowe no thermal 


"reactions in the materials, doaa net coinciée with the 


Lal 


i 


ferro wmillivolt line. As war pointad out by Merritt 


and #hite (1), two faagtore--the relative thermal con- 

| ductavttice and relative epeocific heate of the sazple 

* and etandart meteriale--are responsible for this Ais- 
platenent of tha setual bate Line whieh must be used 


for meacurenent of thermal reactions. “Merritt and 


ie A ed 


White correetly concluded that the loeation of this 
dieplaced base line ja entirely 4 function of the 
materinis (specifically the otst> of tomraction, 

velume of sasterialese, cretn etzea, snd other fectorsa 
séverning the therme) eonductivity of the oateriale), 
and ttt, cineca the micnituter of the thermal reset tons 
@S meerured froe tre atsplaced bares Line are not 


affected by the disriserrvent, the evslust ‘Lon of e 
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Y 


itfat tempersture curve for junatitetive enalyate 
” ‘ba mad? with reapect ta the 4taplacad beso line, 
other Lnverticotore, “orritt and watte excertanend 
ferabie difficulty in loeeting tha 4tarlaced bare 


en the asaumption that the displaced pasa Jine 


(gontai (that 19, parallel to xe nero mitt Myolt 


a 


line) line tenrent to the therrorrss st *, temparsture 
here the waterirt 12 known to b4 underen} ag no Pe- 
Tt ~t1i1 be shown that this agsuTyption fe in 
more Accurate method of loentins the 418- 
lina wilt be Ageeribed. 


“ah It was notteed that the atrat@ht Line thermovren 


obtaines oy hesttne aluaine In hoth ents if not 
 orftinsrily parallel to the zero miltivelt line. he 
anculsrity between the 4isriseed nase line end the 
zero sillivoltt ‘159 16 a reavlt of shanzes tn the 
thermsl eonductivity and/or specifia haat of the 
miterisl ae it J= hosted. prarently the cngulerity 
je a funetion of the contitions within the asemple and 
not @ churacteristic of the matarinal because it has 
been obearved that tha diopleead bese line may slope | . 
in gither 4trection. “xcenotinsg the few minerals whitch 
exhibit roversihisa resections, the thermosrame obtained 
by rehestinzg a2 sample previously calcined or used in 
a differential thermal toast te a siraight line similar 


te that ovtaine? for alumines end like the therrocrams 
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INVTSTIPATIONS 6D CRCARVATIOVS 


fer «lumina hes been observed to normally be dieplace4! 
from the zero millivyolt Line and lie st an angle to it. 
Sinpe the rehent thermceram cf 4 reheetod elay sample 
1@ @ straight Line 1t ney Ge aaxumad thet the clay 
Usies its thermal activity during tne initial heating 
to 1100%C. Any diaplecerent of the reheat thernuogram 
from the vero miitivgelt Lins resreacents a diffaronce 

in tha trerenl eradients within the samole ened standard 
materiais, iat oniy to differs cen i° the beat tranetar 
properites of the mitert)ts. Th now, the eumria uaed 
in ebtatntas the therweoerss Por a clay minernl ia 
B20.eA 3ni *taan retested without 4! eturolowe the material 
in elther che test or «tander Gells, the rehest curve 
witl glve a neacure of tho dares to whien Virplacement. 
Gf the dene Line effected the arclitude, from the zero 
WMilliveli line, of the therrorren. If the rehaat curve 
f@ plotted on the ialtial thertorvram it wilt be tangent 


<0 the i 


=” 


itisl theraonran in those tampersture frenges 
in whieh “he santerial soet Act understo thermal reaction. 
Ths raheat corve if, therefore, the bare Line *rom 
Which the tiue amclitude of the datlaetions of the 
*hermogrem chvald be neasured. Tt should be not+l 
that the beso line tc, therefore, not necessarily 
Paralie’ to the zero millivalt Line. 

Tt 18 not desirable to raducs the productivity 
ef the spparnitue in terme of the number of samp) es 
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she 


» by reheating enon Sele to loeata the Me Z 
Besar Lite snd, fortunately, thie ts not. siuigae 
Beery. cowiously if a number of teste are to be 
en the same notertal tt wil? sufftea to rehesrt 


a few sam les tn order to Learn whtch portions 


° therncsra7 of tort osteriat lie 21 tho aleaplaced 


“- 


so line. ALL other thermnareme of the matartal cen 
wiyged by draxtnyr the Ataclece? baa line through 
t@ portions of the thernograms proven ty bevdigcetive. 
SUEY OF A MERUAPLE geo EINE 
Sulp, am! Haailton (S), mentione’ the 
possibility that decomposition of a sample during the 


time aight £900 alter the relative therm! ecrnduetivity 


mi epecifie hants of the spamle and inert stendard ag 


to cause a shift tn the base line. The authors believe 
that there algzo exitsets the vosathtlity that chances 

in these relatives properties may csuse the base lin 

to becons 2 curvel line rother than aimply two offest 
eeumente of a atraisht line. “he suthers found no 
evidence to auswent that. this ehift cecured in tre 

tects reported herein. Th wae noticad, iota: that 
the torts cave more widely acattered retults in the 
lower température rencon ani conerally geva rore 
eoneistent readiness above 200°, otmtleriy, many of the 
reheat curves deylated from a straight line cnly below 
200=300°9, Tine did not parsit further teste to de- 


termine whether theese difficulties resulftad “rom a 
(2) 


in the bana 11 ling or prakee a continuation of the 


teulties reportai by Merritt and Nite ta obtalniog 


> 


_ ent differential therm? curven with the 1750 


"CObe. 


farontte? ‘sieved curves ora. ‘presented for 
the minerele now neceptet in thie. gountry (see 
nce 3) ne standard reference clay minerals. | 
é. ) curves have best shocked and found to eotnetde fe 
“al shape. with gurves derived by others {eee 


Faness Be 6, “and RB) for the sama materials. te~ 


talled checking of theee curver with cubl ished curves . 
ri has not been paseibie beceuse of Fone unerclained re- a 
a of other tnvesticators to publish numerical 
value or sea lee for their curves. co many veriebles 
(arein size, heating rate, pretrastmont of anmple, ete) neil 
affact the racnitude of tha deflee* tons of the dffter- 
entie? therns} curve that worectioally, 4% is neesseery 


te. develor etendsrd eurvee for each arcarntus® set up, 


= 
hose {t+ 12 econeldered that the primiry value of pub a 
Ushet curves le for shane reference only. The euryes | 
presente’ hnarein ere apoliesble ae standards for a 


quantitative enelysis under the following coudittons: 
The corves are for terts of sewples sll 
graine of which paes a 209 mesh sieve. Pretresat- 


“_ { 


meat, neativw rate, Aesree of otmrection beve been Me I ae 
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INVESTIGATIONS AND OBO SS VATIONS 


described; in all ceess the wetaht of inert 
meterial wag @:unt to the weteht of material 
in the sarple eall. Ordinetea of the curves 
are measured frer the D1epleced bares Line Inested 
a9 described above. “haertovrans of unicnown mtere 
fails gshould be obtained with the sane ammarstus a8 
the atandsard curves used in the anslycis. 
fiagure 4, 2 curve of raseticon versus weleht of helloy- 
ite present tn th? gtmsplea, mresents the data of Fircure 
3 tra fora theusht to te mors vensrally aprlicebla to 


suantitative 2ifferentiol therm! analysis. 
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ISVROSTIGATIONS AD QS8TRVAT ION? 


ABALYSTS CY QuMTArN UNXIOWR Clary 

Thorarorrars veys produced for four elay sotls 
erovided oy Frrofacrer ‘Llcewley, for analysis. It 
will be sean in Micura 6, that the composition of all 
four clays anneare to he cult? eimilar. The therne- 
#rans rerendle.those “or mentmorftllonite and epperr to 
be Influence’ by ths presence of oreente matter. The 
Preesncs of organic matter tn the two Leke Alpany Clayea 
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H-l2 would be exp:cted, tnereforse, to give 
9.38 millivolts or 0.64 millivolte for the 


reaction. It may ¥¢e-eseen on Figure 4 thet 
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fe whe most suiteble site Tor testing im tle present ap= 
Derctus. upposs thut the semple tested conteined 90,6000 


@reme of H mixed with O.1LOOO grams or an 


inert moterial. 


Bie Ssumple wnerefore x#oULE reve consisted of B5.7% of elay 
meperei of 14.5% of Lnert matter. JMIf ths reection messured 
fee finsle text wes less then thr mvuen by the emount the 
meeraze .aviution, the sanols would si)6ar 15 He composed of 
Oe O. clay mineral anu Yo Inert matter; 1” the reaction 
meusiured in &@ sinle test exceeded the mean dy the umount or 
the uverage deviation, the sample would auppeser to contain 
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II lists tha average deviation of the mean 
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Comparivon of these deviations with the pete af chonze 
in auplitudiea velues with tueresricu: cannula wetcht tne 
dicaie that the socuraey of the volue derived by sveraring 
faveral tests was not aurfictant to distinguish a chance 
in #aerle weteht of O.1 ersee. Assunine & aammle con 
potad of ©.° s«rpame of Hel? and O.1 mraims of tnart matorial 
acs before, the error in the mean velus would not permit 
estimating “ie epaposition of the Samcle more securcttely 
tain esyins that 1t contained fron 73 rereert to 74 
Torcaat °-f "“-1l@. Ye eetinste the cemroat* ion wttrta § 
Beress.t of tha tees 65.7 pereent reaprssenteat vy the 2.6 
Grenme of E-le ohntatnot the sasole would resulyre Tg 
tests (asruning thet tne mean error in a single reading 
yoralasd at Cel3 millivolte). 

mn’ tha deseription ‘rdlestes, tho eacparatus and 
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recuiretent: for successful apuilestion of the d1ifraer- 
entin.a theruaal nme LyBiBe “Wwery preesution wee taren 
1M inmaure thet tne teste were eortivete! with egyust cere 
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In conelderation of the observations, edo auetne. 


y texts, the following cone’ lusions are drawn. es. 
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ff there is reason to velleve that the aluatna | 


te bea used iin uaard erased thermal teeter ie 


it in the test semple holder, to heat the 
aluatinn to severe), hundred deieeie tenn 


to drive off thea adsorbed wetar. ff the 


alumina 1a known to ba ary, atimply storing 


it with the dry olay cinersle in an oven at 


50% 48 suffletent treateent to ineure acatnat. 


“inteosduetton of error into the tert precedura. 


recommenixtion that the alurins be hestad to 
eoveral hundred decrees just orfor to each 
test run. 

Reflections of the *harmogres erm a funotion 
of the stoss of active mineral tested anAéA sare 
net. influareed by the presences 27 inert 
mterinis mixed Wth the setive minerstes. 

It ts pogeiole, thereforg, to obtain ther- 
mocrons of tre stenfierd miparels %or known 
walrhtc es sinall as Aastred. Tre thernsl 
charneterteties cf a given material moy be 
mort convententiy presanted for quantitative 
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